Introduction
Forested wetlands in the southern United States mostly occur in the floodplains of major rivers and their tributaries within a broad coastal plain stretching from Texas to Virginia. Occupying almost 13 million ha in the southern United States, the importance to society of these floodplain forests is well documented (Wharton et al. 1982) . Nevertheless, the present extent of forested wetlands in the United States is less than one-third of their extent before European settlement. Two-thirds of the annual losses of wetlands in the conterminous United States occur in forested wetlands, primarily in the South (Wilen and Frayer 1990) . Conversion to agriculture by clearing and draining has been the major cause of forested wetland loss (McWilliams and Rosson 1990) . Of an estimated 8.5 to 9.5 million ha before 1780, only two million ha of forested wetlands remain in the floodplain of the lower Mississippi River (MacDonald et al. 1979 , Turner et al. 198 1, The Nature Conservancy 1992 . Forested wetland losses in other parts of the southern U.S. are just as striking (Tansey and Cost 1990, Hefner and Dahl 1993) .
The Lower Mississippi Alluvial Valley (LMAV) once supported the largest expanse of forested wetlands in the United States. Rich alluvial soils received periodic sediment additions from the world's third largest river and supported highly productive ecosystems (Putnam et al. 1960, Harris and Gosselink 1990) . Extensive areas of bottomland hardwood forests were found in the floodplains of tributaries of the Mississippi and other large rivers of the southeastern United States that drained into the Gulf of Mexico and the Atlantic Ocean. The LMAV has undergone the most widespread loss of bottomland hardwood forests in the United States. As much as 96 % of the loss of bottomland hardwood forests in the LMAV has been due to conversion to agriculture (MacDonald et al. 1979 , Department of the Interior 1988 .
Between the early 1800s and 1935, about onehalf of the original forests were cleared. A later surge in forest clearing for agriculture took place in the 1960s and 1970s in response to a rise in soybean prices (Stemitzke 1976) . When prices eventually fell, land that was marginal for agriculture because it was still subject to spring and early summer backwater flooding became idle. These are the lands that are now available for afforestation.
Over the last 25 yrs, scientists at the Southern Hardwoods Laboratory in Stoneville, Mississippi have developed most of the artificial regeneration methods used today in afforestation of bottomland hardwoods. In this paper, we provide an overview of afforestation efforts in the LMAV. Strategies vary by landowner objectives and are driven mainly by public programs supporting afforestation for water quality protection and wetlands restoration. We provide a summary of public and private programs supporting afforestation of economically marginal farmland and describe common practices of artificial regeneration, including examples of afforestation programs that have different objectives.
Afforestation primarily is occurring in the LMAV states of Louisiana, Mississippi and Ar- (Table  1 ). Afforestation will increase over the next 10 years, so that 182 000 ha should be in afforestation schemes in the LMAV, primarily in the states of Mississippi, Louisiana, and Arkansas.
Site and Species

Species/Site Relationships
Successful afforestation of marginal farmland in the LMAV requires an understanding of site variation within floodplains and site requirements of the species to be used. Although most afforestation areas are flat, large differences in site quality exist, and many afforestation efforts have failed because these differences were ignored. Elevational changes of only a few inches can have a marked effect on the site and therefore on species occurrence and development (Hodges and Switzer 1979) . Differences in hydrology, particularly drainage and soil moisture, are clearly associated with these minor elevational differences. Other factors also vary according to elevation, such as soil type, texture, structure, and pH. All these factors affect which species are suitable for the site.
Site Characteristics
The origin and development of floodplain geomorphic features were discussed by Hodges (1994) and detailed descriptions, including relative elevation, soil types, drainage class, and productivity are given in Hodges and Switzer (1979) and Hodges (1997) . In summary, the fronts and ridges (former fronts) are the highest, best drained, and most productive sites within the floodplain (Fig. 1 ). Soils are generally sandy or silty loams. Soils on the flats are predominantly clays and the sites are poorly to somewhat poorly drained. Sloughs and swamps arise from old streambeds that are filling with sediment. The soils are usually fine-textured and drainage is poor. Standing water may be present in the swamps except in extremely dry years. Most of the land available for afforestation is on the flats; sloughs and swamps were seldom cleared, and fronts and ridges continue to support active agriculture. Because of the great spatial variability in floodplains, however, sites are often intermixed so that an area to be afforested is likely to include several site conditions.
Species Tolerances to Flooding
For successful regeneration, species preferences and tolerances must be matched to site characteristics, in particular to inundation regimes. Rel- (Hook 1984) . The choice of species is greater if flooding is periodic, as is true on most bottomland sites in most years. Inundation regime is more complex, however, than whether a site floods or not, and seedlings are more susceptible than mature trees. Depth, time, and duration of flooding must be considered, and the state of the floodwater, particularly flowing versus stagnant (Hook and Scholtens 1978) . Inundation regime is difficult and timeconsuming to measure, and natural regimes frequently have been altered. An indicator of flooding regime is published in soil surveys, and nearby landowners often know of alterations due to drainage and other factors not reflected in soil surveys. A flood history for at least the previous five years is recommended, to select suitable species. The choice of species should be guided by the upper, rather than the lower, level of flooding. Most flood tolerant species can be planted on drier sites. but not the reverse.
Soil Characteristics
Soil physical conditions, root aeration, nutrient availability, and moisture availability during the growing season are other important factors to consider in matching species to site (Stone 1978, Baker and Broadfoot 1979) . Bottomland soils of silt loam texture generally suggest a moist, welldrained site. Clay textured soils usually indicate a low-lying site that is periodically inundated. Medium-textured soils are suitable for most bottomland hardwood species, with three possible exceptions. Survival and growth of red oak species are limited by high pH (more than 7.0), although Shumard oak (Quercus shumardii Buckl.) does well over pH 7.5 (Kennedy 1984, Kennedy and . On former cropland, plow pans can occur at 20 cm to 30 cm depth that will limit root development. Inadequate rooting will affect survival, growth, and windfirmess. Plow pans can be broken up by subsoiling before planting or direct seeding. On former agricultural land or engineered sites, mineral toxicities or nutrient deficiencies may occur, but they can be diagnosed by soil analyses and corrected. Clay soils tend to be very wet in winter and spring and very dry in mid to late summer, presenting fewer options for selecting suitable species. Green ash (Fraxinuspennsylvanica Marsh.) and Nuttall oak (Quercus nuttallii Palmer) both tolerate periodic flooding and grow better than other species when available water is low.
Broadfoot developed two methods for evaluating sites based upon soil characteristics. One approach requires knowing which soil series are present and consulting either Broadfoot (1976) or recently published soil survey reports that include woodland suitability interpretations (Francis 1985) . A more complicated approach involves estimating site index, a measure of potential productivity based upon a tree's height growth over time (Baker and Broadfoot 1979) . Advantages of this approach include widespread applicability throughout the southern U.S., identification of soil series is not required, and guidelines for ameliorative treatments such as fertilization are included (Baker and Broadfoot 1979) . Disadvantages include the need for users to estimate soil conditions such as texture, compaction, water table depth, organic matter content, and pH (Francis 1985) . On the other hand, most soil scientists and many foresters can make field estimates of these properties that produce site index estimates of sufficient accuracy for most reforestation projects. While site index is a useful guide to inherent productivity, there is no fixed rule for applying productivity measures to judge afforestation potential for wildlife and other purposes. We have suggested that a site be at least minimally acceptable for a species, as determined by Baker and Broadfoot (1979) . This means growth on a site is likely to range from 54 % to 63 % of the maximum productivity level for that species (Stanturf 1993 ).
Afforestation Methods
General
Two major afforestation methods are planting seedlings or cuttings, and direct-seeding. Both methods can be done by hand or by machine. Suitability of afforesting several species with these stock types is summarized in Table 3 . If good quality seedlings are planted properly and well cared for before planting, the chances for successful establishment are high (Kennedy 1984 , Kennedy et al. 1987 , Allen and Kennedy 1989 . Planting has the advantages that more species can be planted, and it can be done even on continuously flooded sites. Directseeding, while limited to heavy-seeded species such as the oaks (Quercus spp.) and hickories (Carya spp.), costs less than 50 % of the cost of seedling planting (Bullard et al. 1992 ). Directseeding has been successful in every month Quercus falcata
Silvo Fennica 32 ( 3) review articles --___-l___l__m_ -~~-~~~~~-~-1411111~11--.~1-~~----~-~~~--~--~~-- (Johnson 1983) , and operationally it can be done for a month or longer beyond the time when planting is recommended.
Site Preparation
The best site preparation on marginal cropland is to continue farming the site until it is afforested. Normal farming operations will control woody and herbaceous weeds so that often no site preparation is needed. If a plow pan has developed, disking with a heavy disk at least twice in late summer before planting breaks up the plow pan and controls weeds. If a heavy weed cover has been allowed to develop from fallowing, disking is advisable to reduce cover for rodents. Planting or directseeding by machine will be aided by site preparation and generally result in greater survival.
Seedlings
Suitable bare-root hardwood seedlings are larger than the typical pine seedling planted in the southern U.S. Bare-root hardwood seedlings are usually 1-O stock. Recommended size is at least 45 cm top length with at least 1 cm root collar diameter (Kennedy 1993) . Root systems should be well-developed with several lateral roots, and can be pruned to 20 cm length to make planting easier. While bare-root seedlings are generally preferred, container stock can be planted later in the season and thus extend the planting season. This may allow sites that flood into the growing season to be planted successfully with container stock after flood waters recede, later in the season than is feasible for bare-root stock. Oak seedlings grown in pots may have higher survival on "harsher" sites such as heavy clay soils with vertic (shrink-swell) properties (Allen et al. in press) . Container grown Nuttall oak seedlings survived flooding better than bare-root seedlings after out planting in one trial (&mphrey 1994). Containerized seedlings are more expensive than bare-root seedlings, heavier, and more difficult to transport and plant.
Additional research, including side-by-side comparisons of bare-root and container stock, is 286 needed before definitive recommendations can be given. The ability to extend the planting window to include fall, late spring and early summer plantings will probably make container stock cost-effective for some public agencies (J. Kiser, Corps of Engineers-Vicksburg District, pers. comm., May 1995).
Bare-root seedlings survive best if they are planted while dormant in moist soil. These conditions are obtained in the southern U.S. from January through mid-March. Planting can begin as early as November if antecedent precipitation has recharged soil moisture (Kennedy 1979 ). If seedlings are kept dormant in cold storage, planting may be extended into May (Allen and Kennedy 1989) . The most frequent limitations on planting are excessive cold and flooding. Subfreezing temperatures cause root death, resulting in low survival. While flood tolerant species can be planted in standing water, even hand-planting is easier if soils are moist but not flooded.
Seedlings can be hand planted using a dibble bar or shovel, or machine planted. Planting machines work well in moist sandy and loamy soils, but clay soils adhere to parts of the planter and hinder movement (Allen and Kennedy 1989 ). An experienced hand planter can plant up to 800 seedlings in a day under ideal conditions. An experienced two-or three-person machine planting crew can plant 4000 to 8000 seedlings per day (Allen and Kennedy 1989 ).
Cuttings
Planting unrooted cuttings of five species has proven successful (Table 3) , and is the most common method of afforesting Eastern cottonwood (Populus deltoides Bartr., ex Marsh. var. deltoides). One advantage of cuttings over other stock types is the ability to plant genetically superior clonal material. Presently this is important for cottonwood only, but likely to increase in importance for other species (R. Rousseau, Westvaco Corp., pers. comm., May 1995). Cottonwood cuttings are produced from wands, which are themselves produced in stool beds. Wands can be produced from root stock for three to four years, then the nursery must be re-established (McKnight 1970) . Under good nursery conditions, wands will each heights of up to 5 m in one year. Cuttings 5 1 cm long are produced from dormant wands. Cuttings should be at least 6 mm diameter at the top (small) end. Research on survival and planting techniques has shown that cuttings longer than 5 1 cm do not increase survival, but they do increase costs (McKnight 1970) .
Planting options for cottonwood cuttings are similar to options for bare-root seedlings. The planting window for dormant cuttings is December through March, and cuttings can be hand-or machine-planted. Cuttings are planted about 45 cm deep, with 5 cm aboveground. Leaving only a small amount of the cutting aboveground reduces the likelihood of developing multiple-stems (M&night 1970) . Additional information on cottonwood culture is given below.
Green ash has been successfully regenerated from both horizontal and vertical cuttings (Kennedy 1977) but only from cuttings made from 1-O nursery grown seedlings. Horizontal planting of cuttings 25 cm to 36 cm long in slits 2.5 cm to 5.0 cm deep, or vertical planting of 38 cm long cuttings has been suggested as an alternative to planted seedlings (Kennedy 1977) . However, where there is a danger of long periods of standing water, seedlings are better than cuttings. Seedlings were larger after one growing season than either horizontal or vertical cuttings, although all material grew the same amount.
Direct-Seeding
Direct-seeding is a widely used method of afforestation in the LMAV. Only heavy-seeded species of Quercus spp. and Carya spp. can be direct-seeded with a strong likelihood of success. Many early tests were with Nuttall oak and it continues to be the most popular species to direct-seed. At least six other red oak species (Erythrobalanus) and four white oak species (Leucobalanus) have been direct-seeded successfully (Table 3) . Most attempts at direct seeding light-seeded species (Fruxinus spp., Ulmus spp., Liquidumbar styruci$kz) have failed (Allen et al. in Press) . Failures have been attributed to drought stress shortly after germination, flooding after germination, or predation by birds and rodents.
Initial trials with direct-seeding were conducted in natural stands under a complete canopy and in small openings (< 0.004 ha) created by removing single large trees. These trials generally resulted in complete failure because of rodent depredation (Johnson and Krinard 1987) . Further research with larger openings has established that openings greater than one ha can be successfully regenerated by direct-seeding (Johnson and Krinard 1987) . Competing vegetation may pose more of a threat to new germinants, as oaks are notoriously slow to develop aboveground. Germination and survival as high as 80 percent has been attained in research trials, but 35 percent germination is more typical for commercial sowings. Recommended rates are 1730 to 2470 sound acorns ham' on most sites. On sites that have lain fallow for a few years, are weed infested and likely to have high rodent populations, the rate should be higher: 2964 to 3705 acorns ha-l (Allen et al. in press) . This should produce 741 to 1235, l-year-old trees ha-', a number sufficient for most objectives.
Seed collection is the greatest challenge in direct-seeding (Kennedy 1993) . Collections must be made between October and February, after acorns have fallen. Acorns of red oak species can be stored up to five years in cold storage (Bonner 1973 , Bonner and Vozzo 1987 , Bonner et al. 1994 . Generally, acorns of white oak species cannot be stored longer than four months, as they naturally germinate after falling.
Direct-seeding can be conducted from November through June, depending upon site flooding frequency. While direct-seeding of Nuttall oak has been successful in every month, July through October are usually too hot and dry Krinard 1987, Wittwer 1991) . Seeds that germinate in cold storage can still be sown and will produce suitable seedlings, even if their radicles are broken off (Bonner 1982) . Seeds sown 2.5 cm to 15 cm deep will germinate and produce seedlings, although 5 cm is the recommended depth. Deeper sowing may be worthwhile when surface drying or rodent pilferage is likely. Normal spacing is rows 3 m to 3.6 m apart and acorns 1 m to 1.5 m apart within rows.
Mechanical planting and sowing are faster on clean sites with slopes less than 10 %. Modified agricultural planters have been used successfully for direct seeding, although some new equipment has been developed for acorns. Machines used for direct-seeding are modified one-and two-row grain planters. Some drop acorns automatically, others require an operator who drops acorns at specified distances. A broadcast seeder has been used in trials in Louisiana (Allen et al. in press) . Aerial seeding has been shown in small trials to have potential, although more work needs to be done to optimize the delivery system and the method of burying acorns after sowing (Allen et al. in press). Typical rates of direct-seeding are 12 to 16 ha per day for a three-person crew using machines, to 2 ha per day for one person sowing by hand. Success rates with direct-seeding have been good. Failures are usually due to poor handling of acorns, or to adverse field environments following sowing. Flooding and high water temperatures are a deadly combination for newly germinated acorns such as occur during May or June flooding. This may follow a dry March and April, during which acorns have successfully germinated. On sites where extended flooding is likely during the early portion of the growing season, acorns should be kept in cold storage and sown after flood waters recede (Johnson and Krinard 1987) .
Direct-Seeding Versus Planting Seedlings
Advantages of planting seedlings include a wider range of species and a wider range of sites and conditions can be tolerated. While extended postplanting flooding damages most seedlings, taller 288 planted seedlings may extend above floodwaters and survive. On the other hand, the planting window for seedlings is narrower in the South than for direct-seed.
The main advantage of direct seeding is potentially lower costs (Bullard et al. 1992, Allen et al. in press) . This comes about in two ways: all the costs of growing and handling seedlings are avoided, and planting acorns is usually less timeconsuming than seedlings. The major disadvantages of direct seeding are that the plants are in more vulnerable stages of development longer, so that the risk of poor survival and possible failure is greater. Bullard et al. (1992) compared the economics of direct-seeding and planting oaks on afforested sites. The significant advantage of direct-seeding was the lower cost for material (Table 4 ). Although direct-seeding is quicker and easier than planting seedlings, the technique is relatively new to contractors and no price differential was offered (Bullard et al. 1992) . They concluded that the primary advantage of planting seedlings was that in a given year, the overall probability was greater of achieving an adequately stocked stand. Allen (1990) reached a similar conclusion from his survey of oak planting and direct-seeding on wildlife refuges.
Growth and Production
General
Establishment problems will be apparent within the first two years on afforestation sites. Complete failures do occur. Mortality and poor growth are caused by many factors: extended post-planting drought or flooding; poor planting or seeding practices; poor quality seed or seedlings; animal depredation; or herbicide drift from aerial application to nearby cropland (Kennedy 1993) . Sometimes the slow initial growth, especially of oaks, gives the appearance of failure because seedlings are hidden by profuse stands of tall weeds. Early weed control, mechanical or chemical, may increase survival and speed early growth of seedlings, but benefits may not justify costs. Krinard and Kennedy (1987a) compared growth of six hardwood species on a formerly forested Sharkey clay soil (very-fine, montmorillonitic, nonacid, thermic, vertic Haplaquepts) that was mowed or disked to control weeds. Plots were treated three to five times annually the first 5 years. Mowing provided no advantage over no weed control for the first 4 years (Kennedy 1981) and there was no difference between mowed or disked treatments after 15 years (Krinard and Kennedy 1987a) . Because competitors on oldfield sites differ significantly, these results serve only to caution that expenditures for weed control may not be warranted.
Intensive cultivation is recommended for the first year in cottonwood plantations (McKnight 1970) . High survival and best growth of sycamore was obtained with clear cultivation for 1 or 2 years, although it is possible to successfully establish sycamore plantations without weed control (Briscoe 1969) . Disking often produces significantly greater growth than mowing (Aird 1962 , Fitzgerald et al. 1975 , Kennedy 1984 .
Oak Plantings
Most species of bottomland oaks grow slowly the first several years, typically 30 cm to 60 cm in height growth annually. If seedlings are not overtopped, height growth will increase to over 1 m annually (Kennedy 1993) . Four oak species (Kennedy et al. 1988 ) established with 1-O bareroot seedlings ranged in height from 4 m for swamp chestnut oak (Q. michaunii Nutt.), to 8.1 m for water oak (Q. nigru L.) at age 10 ( Fig. 2a ). The site was a relatively infertile, minor bottom in Arkansas but growth was good. Swamp chestnut oak was the slowest growing in the first 6 years, probably due to the small seedlings that were available for planting (Kennedy et al. 1988 ). On a Sharkey clay soil, Nuttall oak planted at 3 m x 3 m spacing and no weed control averaged 8 1 percent survival after 16 years. Height growth was only 6 m ( Fig. 2b) , as opposed to the better growth on the Arkansas site after only 10 years ( Fig. 2a ). On the Sharkey clay (Fig. 2b) , mowing between the rows annually for 5 years increased height growth of Nuttall oak to 7.9 m at age 15 years (Krinard and Kennedy 1987a,b) .
Nuttall oak was direct-seeded on an intensively prepared Sharkey clay soil at the Delta Experimental Forest near Stoneville, MS (Johnson 1983) . Germination averaged 36 percent. Initial spacing between planting spots was 0.6 m (5380 acorns ham'). Of the trees alive at the end of the first year, 96 percent were still alive at the end of 11 years. Many of the trees were overtopped but 1360 Nuttall oak seedlings per hectare were in a free-to-grow position at age 11 years. Diameter at breast height ranged from 4 cm to 7 cm, and average height was 5.1 m. 
Sweetgum Plantings
Growth varies considerably by soil type; most bottomland hardwood species grow best on medium textured soils such as Commerce silt loam (fine-silty, mixed, nonacid, thermic aeric Fluvaquents) and less wells on clay soils such as Sharkey. A comparison of two sweetgum plantations in Mississippi illustrates these differences. At the same stocking, sweetgum on the Commerce soil was 75 percent taller, and nearly five times more volume and weight (Figure 3a ; Krinard and Johnson 1985, Krinard 1988 ). Thinning at age 12 reduced stocking in the clay soil to 4.25 m x 4.25 m. The stand on the silt loam soil was thinned twice. Alternate diagonal rows were removed at age 6, and half the remaining trees were removed at age 30, leaving a spacing of 6 m x 6 m. Remeasurement after 3 1 years shows greater basal area on fewer trees on the more productive Commerce silt loam soil (Table 5) . .
Green Ash Plantings
Green ash is a valuable bottomland hardwood species for timber but has not been favored in afforestation for wildlife. Krinard (1989) compared three green ash plantings of different ages planted on Sharkey (clay), Commerce (silt loam), and Tunica-Bowdre (clayey over loamy, montmorillonitic, nonacid, thermic vertic Haplaquepts and thermic fluvaquentic Hapludolls) soils. All plantings were at 3.67 m by 3.67 m spacings except the Sharkey planting was 3.05 m by 3.05 m spacing and thinned at age 10. Plantings on the Commerce and Tunica-Bowdre soils grew the fastest. Mean annual increments of average diameter and height growth were about 12.5 mm yrl and 1.22 m yrl (Table 6 ). Mean annual increment values for the Sharkey soil were lower, 7.6 mm yri in diameter growth and 0.76 m yrl in height growth. Survival exceeded 80 percent on all sites. Krinard (1989) concluded that spacings wider than 3.67 m by 3.67 m were not advisable for green ash because of forking problems. 
Comparisons of Several Species
Relative growth rates among species planted on the same soil type and receiving similar cultural treatments illustrate adaptations to soil types. Growth on the clay soils that are available for afforestation is lower than growth on medium textured soils, thus these sites may not be suitable for timber production alone. Krinard and Kennedy (1987a) reported on five hardwood species planted on a Sharkey clay soil, disked for the first 5 years to control weeds, and selectively thinned after 5 years to double the original planting spacing. By age 15, average height was in the order sweet pecan (Carya illinoensis L.) < sweetgum < green ash < sycamore < cottonwood (Fig. 3b) . At age 16, trees growing on control plots (no weed control, no thinning) were smaller but height growth ranking was the same (Krinard and Kennedy 1987b).
Afforestation Programs and Strategies
Public Programs
In 1987, the United States Fish and Wildlife Service (FWS) began an aggressive program in the LMAV to restore bottomland hardwood ecosystems (Haynes et al. 1993 ). This effort was not limited to existing wildlife refuges, and included reforestation of private lands and foreclosed farmland transferred to the FWS from the Farmers Home Administration, another federal agency.
The FWS strategy has been to afforest the most land, at the lowest unit cost per hectare. Site preparation is minimal; weeds on fallow sites are reduced using a bush hog or fire plow, followed by disking once or twice just before planting (Haynes et al. 1993) . Spacing may be greater (7.32 m by 7.32 m), the goal is to guarantee the hard mast component. Allen (1990) reviewed operational planting and direct-seeding on ten sites on federal wildlife refuges and concluded that planting seedlings is preferred over directseeding if the objective is to quickly afforest old fields. A summary of afforestation efforts by agency is given in Table 1 . The Army Corps of Engineers is restoring bottomland hardwood forests to mitigate fish and wildlife habitat losses caused by water resources projects, primarily construction for flood control. One ambitious mitigation project is the Lake George property in the Yazoo River Basin in Mississippi (Corps of Engineers 1989). The site is characterized by Sharkey-Forestdale Association soils, backwater flooding in winter and spring, and poor drainage. The agency's strategy has been to treat the wettest sites first, leaving drier sites in active agriculture to lower overall project costs by revenue from leasing, and to control weeds (lower site preparation costs). Bareroot seedlings (sweet pecan, willow oak, Shumard oak, cherrybark oak (Q. falcatu var. pagodifolia Ell.) are planted at 3.66 m by 3.66 m spacing, and container seedlings (water tupelo and water oak) at 4.27 m by 4.27 m spacing. Only 5 % of the area will be direct-seeded.
State government agencies such as the Louisiana Department of Wildlife and Fisheries and the Mississippi Department of Wildlife, Fisheries and Parks also have undertaken ambitious restoration projects. More than 2000 ha near Monroe, Louisiana are being restored by the Louisiana Department of Wildlife and Fisheries (Savage et al. 1989 , Newling 1990 ). The Mississippi Department of Wildlife, Fisheries and Parks is restoring more than 400 ha near Greenwood, MS (Newling 1990 ). Participants at a recent workshop estimated a total of 54 000 ha are scheduled for afforestation by state agencies in Mississippi, Arkansas, and Louisiana (Stanturf, unpublished data, Table 1 ).
The federal Conservation Reserve Program (CRP) in 1980 began to subsidize establishing permanent vegetative cover on erodible crop-292 land. When reauthorized by Congress as part of the 1985 Food Security Act (popularly known as the Farm Bill), the CRP included wetlands converted to cropland (Kennedy 1990) . A landowner participating in CRP reserves the land for 10 years in return for reimbursement of some afforestation costs and an annual payment, per hectare. By the ninth enrollment year (1989), more than 20 000 ha of wetlands in the LMAV were placed into the CRP (The Nature Conservancy 1992). An unknown portion of this land was afforested, thus Table 1 does not include an estimate of CRP land.
The Wetland Reserve Program (WRP) was included in the 1990 Farm Bill and set a maximum sign up of 400 000 ha nationwide. A pilot program in 1992 in eight states was expanded to 20 states in 1994. Three states in the LMAV, Mississippi, Arkansas, and Louisiana, were included. More land was submitted in these three states (200 000 ha) than could be accepted because of financial limitations on the program. In 1995, Congress authorized an additional $92 million. The federal Natural Resources Conservation Service administers the program and expects a total of 100 750 ha to be afforested in the LMAV by 2005 (Table 1 ). In return for a permanent easement that removes the land from agricultural production, the government shares the cost of afforestation and provides a one-time payment based upon the fair market agricultural value of the land. The WRP will only reimburse afforestation costs for 741 stems ha-l, which is insufficient for commercial forest management. Discussion of incorporating timber management into WRP has begun to remove some of the uncertainty surrounding future management options.
Other Private Efforts
Many private efforts that do not depend on federal cost-sharing programs have focused on hardwood plantations for producing fiber. Fitler Managed Forest near Onward, Mississippi comprises 4000 ha of eastern cottonwood plantations. Fitler is owned by Crown Vantage (formerly James River Timber Corp.) and intensively managed for pulpwood production. Intensive plantation Cost difference between contract and no contract is the price of cuttings at planting density of 747 stems ha-'. establishment includes two-pass disking, 3.7 m row marking, application of liquid nitrogen fertilizer (50/50 ammonium nitrate and urea, 112 kg-N ha-l), hand planting of improved clonal cuttings and the application of pre-emergent herbicides. Mechanical cultivation includes as many as three two-pass diskings the first year, and insecticides and additional mechanical cultivation the second year. Total establishment costs are $583 ha-l. Landowners interested in the Crown Vantage cost-sharing program may use afforestation to create wildlife habitat, in addition to fiber production. The company pays for the cuttings (about $185 ha-l), and landowners agree to give first right of refusal for the timber at rotation (10 years), at market value. A financial analysis for cottonwood on former agricultural land is given in Table 7 . Net income from a lo-year rotation is $873 ha-l, with no contract; and $1085 ha-' under contract. internal rates of return are 4 % and 10 %. All costs are estimates of what a private landowner would have to pay to contract for silvicultural operations.
Afforestation Strategies
Afforestation on marginal agricultural land in the LMAV relies on using native species, planted mostly in single-species plantations. Choice of species on a site is guided by landowner objectives, species tolerance to flooding, and soils. Hard mast producing species such as oaks and sweet pecan are favored for their value to wildlife, especially on public land. Oak plantings are widely spaced, to allow natural invasion of other species. Wind and water dispersal are relied upon to establish soft mast producers such as sweetgum, sycamore, the ashes, and the elms. While generally successful, sites that do not flood often and are more than 100 m from a seed source may not seed in with light seeded species (Allen and Kennedy 1989, Allen 1990 ). This strategy can best be described as extensive, or least-cost. Increasingly, it is called into question on two counts: could a more intensive approach provide a more diverse landscape more quickly, and is this approach appropriate if a landowner's objectives include timber production? While we cannot answer these questions definitively with our current knowledge of the growth and development of plantations, they can be examined within the context of specific examples, recognizing that land ownership (public or private) is an important factor in determining landowner objective.
Future Directions
Up to 200 000 ha of marginal agricultural land in the LMAV could be afforested over the next decade. Recent modifications to the WRP, providing for a 30-year term instead of a perpetual easement, could make the program even more attractive (Shepard 1995) . Rising stumpage prices for hardwoods and changes in agricultural price supports might tip the balance in favor of private afforestation on marginal farmland, particularly if economic incentives for carbon sequestration could be captured by landowners (Shepard 1995) . Experience with the Conservation Reserve Program argues that an aggressive technology transfer program will be needed to provide landowners with information on grow-ing and marketing trees (Essek et al. 1992) .
Scant provision has been made for management of afforested areas, on public and also on private land. Wildlife managers believe the extensive, low-cost strategy described above is sufficient to meet their objectives. However, managers will have few options for manipulating these understocked stands to further enhance wildlife habitat.
Private landowners who utilize WRP to afforest their marginal cropland with the intention of generating income through future timber harvesting will be disappointed, unless they are prepared to invest in denser planting. The stocking that will result from typical WRP afforestation schemes will not be sufficient to support a pulpwood thinning at age 20 or 30 (J. Goelz, U.S. Forest Service, pers. comm., May 1995). Furthermore, it is uncertain whether landowners will be allowed to harvest WRP plantings. Although an "official" interpretation of the language of the easement has not been made, public opinion in the United States is not generally supportive of harvesting and vegetation manipulation.
Concerns for restoration of wetland functions will play an increasing important role in afforestation programs. Overstory species diversity in predominantly oak plantings is expected from dispersal of light-seeded species by natural agents. Observations suggest, however, that dispersal into plantings more than a hundred meters from natural stands is ineffective (Allen 1990 ). Thus one response to the artificial appearance of plantings has been to plant in wavy lines, thus avoiding the regularity of straight rows.
Modifications to establish mixed species stands, with a canopy structure that approximates natural stands, have been suggested. Recommendations for establishing mixed stands have been to plant species with similar flood tolerance, soil preferences, and height growth rates. Such mixtures include cherrybark and Shumard oaks; Nuttall and overcup (Q. lyrutu Walt.) oaks; sycamore and green ash; sweetgum ahd water oak; and cypress, green ash, overcup oak, and Nuttall oak. Most plantings following these recommendations have been block plantings or single species rows. This species clumpiness, however, does not mimic natural conditions. Establishing understory and midstory species 294 in afforestation programs is easy, in principle, but practical guidelines are unavailable. Methods for establishing true mixtures of shade tolerant understory and midstory species, along with intolerant overstory species, requires information on how species compete with each other during early stand development. In addition to inherent growth rates, competitive ability is greatly affected by soil properties and flooding frequency and duration. Most afforestation work occurs in small patches, except for a few large public projects. While there has been much discussion of the effects of forest fragmentation on wildlife, particularly areasensitive, interior dwelling neotropical migratory birds (Robbins et al. 1989) , there have been few opportunities to examine the benefits of reforesting in large blocks. The Lake George Mitigation site provides an opportunity to examine this and the related question of whether travel corridors between large patches of existing natural forest is a net gain or loss for wildlife diversity.
